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HETEROGENEOUS ION EXCHANGE MEMBRANE 
AND METHOD OF MANUFACTURING THEREOF 

Field of InvemtioB 

The present ixiveatioii relates to novel heterogeneous membranes, methods for ptodncing 
such membranes, and spparatus employing such m^branes, 

5 Background of the Invention 

Membranes that selectively allow diSasion and adsoiption of ions while exchidin^ obtain 
U Q^Qi axjd non-ionized solutes and solvents^ typically referred to as ion exchange membranes, 
'^f have numerous inq>ortant industrial applications. Such membranes are used in electrodialysis and 
electFOdebnizadon equipment as well as in devices for fractionadon, transport depletion and 
to electro-regeneration, and purification or treatment of water, food, beverages, ch^nicals and waste 

m streams. The membrao^ are also used in electrochemical devices sudi as caustic/chlorine 

I y 

U electrolysis equipment, electrqpaintpurificatiotteqai^^ and electro-organic synthesis equipment. 

iT"""!; 

Additionally, ion exchange moaoibranes are used in electrophoresis devices and analytical equipment 
as adsorbents, and as suppressor devices for ion chromatography. They are used in chemical 

15 treatment and concentration s^yplications viaiheprocesses ofDonnan dialysis and di£Eusiondial)^is^ 
and they are also used in batteries and fuel cells for the production of electricity. 

In each of the applications described above, numerous membrane properties must be 
balanced against one anotiier in orda: to achieve a membrane that satisfies the desired objectives of 
the particular application. Among these, it is an objective to employ ion exchange membranes that 

20 have hi^ selectivity, low solvent and non-ionized solute transfer, low diffusion resistance of the 
ions selected, high physical str^gth, and good chOTdcal resistance. Additionally, it is desirable that 
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such membranes be easily manufactured at low cost without the use of bazardous substances. 
Furthennore, ideal membranes should be easy to handle and process and should also be amenable 
to low cost assembly techniques during the production of devices containing such membranes, 
CuiTCTt comnieixiaUy available ion exchangemembran^ are primarily oftwo genotypes: 
5 homogeneous membranes and heterogeneous membranes. A homogeneous manabrane is one in 
which the entire volume of the membrane (excluding any support material that may be used to 
improve streagfli) is made from the reactive polymo:. Examples include membranes made of 
sulfonated or aminatcd styrene-divinylbenzene polymers (SDVB membranes), polymerized 

: , perfluorosulfonicaddsCPFSOmembranes)orvariousthemioplastic^ 

: io the base polymer. 

Unfoitunately,homogeneousmembranestendtobedifficulttomanu&ct^ Theyalso tend 
to employ the use ofhazardous materials during theirmanu&ctaringprocess since, forthe most part, 
they must be made from base monomers. AdditidnaUy, they are difficult to modify chemically 

j; because each modification requires a change in thei fundamental chemistry of the membrane. 

;Z15 Homogeneous membranes also tend to have limited pilQ^al strength (therefore often 

requiring a screen or cloth support) because the polymer produced carniot readily combine both the 
required physical and electrochemical properties: to opemte effid^tly in a &bdcated device. 
Homogeneous membranes maybe either crosshnked (to provide the membrane with dimensional 
stabili^, but increased brittleness and s^isitivi^ upon drying), or fhcy may be non-crosslinked (to 
20 provide membranes which may be dried, but lack dimensional stability and resistance to swelling 
and various solv^ts). 
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Tr contrast, heterogeneous membranes are formed of 1) a composite containing an ion 
exchange resin to impart electrochemical properties and 2) a binder to impart phy^cal strength and 
integrity. Typical heterogeneous membranesmaybeiproducedas "micro-heterogcneon$" membranes 


by the paste mcbod (in ^ch ion exchange resin, 


monomers are reacted to fonn the ultimate ion 


exchangerestnpolymer in thepresence of a finely^groimd inert binder polymer), or in flie altemative, 
as "mao^o-heterogeneons" membranes by the phyical blending of pre-polymerized ion exchange 
resin and binder. 

Present macro**het€ix>geneou$ m^branes lend to have inferior electrochemical prop^es 
as conq^ared to rbicro-heterogeneons membranes^ but they do oScr a number of advantages as 
compared to meoibranes of the micro-hetemgene|us variety, Ja particular, macro-het^geneons 
membranes axe easy to manufacture and can be readily chemically modified since, within limits, the 
binder and resin types and content can be varied wtthout significantly modi^ing the manu&cturing 


process. Notably, with micro-heterogeneous me 



pte-cursor ion exchange monomers such that the binder does not interfere with the polymerization 
of the ion exchange monomer or, as a consequence of such polymerizatiQn^ becomes chemically 
altered with undesirable properties. 

hi some filter-press type unit operations, exchaii^ge mambranes are typically interposed 
betwem adjacent fiame members to assist in defining individual chambers or compartments. For 


s, the binder must be compatible with the 


example, m filt^-press type elecbodeioni^ation 


units, ion exchange membranes are interposed 


between adjacent fiame members or spac^ to foxi n separate diluting and concentrating chambers. 
In assembling such umts^ a plurality of firame membegcs are provided in a parallel manner with ion 


-3 
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exchange membno^ istatpos^ between the frame members. The resulting structure is then forced 
toge&er by clanging means 'with a view to piovidi ag a dosed, ti^tly sealed unit. 

Unfoituoately, present ion exchange m^ntiiane mat^als do not possess entirely adequate 
sealing charactoistics. During prolonged operation of the afore-mentioned unit operations, ion 
exchange membranematerials have a tendency to creep, therebyreceding from contact with adjacent 
frame members and potentially compromising pO£ itive sealing of the unit Present ion achai^e 
membranes also tend to be brittle and prone to tearing or pinhole formation, thereby further 
potentially compromising the sealing of the unit 

hi addition, present ion exchange materials late not particularly suitable for high temp^ature 

applications. As a result, unit opi^ations having iojn exchange membranes are unlikely candidates 

t 

for phannaceutical a^^plications,' where the consiitu^ m^branes would be exposed to hi^ 

t^peiatures during cleaning foripuxposes of disuiiection. 

I I 

With respect to membrane mami&cturing^ the prior methods used to make het^geneous ion 


exchange membranes involved standard equipm< 


Lt for sheet extrusion. This equipment is very 


common. However, extmdmg filledmatmals likelj eterogmeous ionexchangemcmbranesinvolves 
special difficulties. Gauge contijol, gear pump pre ssure limits and uniformity of dispersion of the 
pl^es are all special difficulties ^countered whenextniding the matmals in question. Yield rates 

i 

as low as 30% are common. ' 


Summary of Invention I 

i ' • 

A heieiog^eous ion exchange ^material |is 
incorporated within a binder, the binder comprising 


provided comprising an ion exchange resin 
a material selected fiom fhe group cox^sisting 
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of (i) a polyolefin, copolymerized by single siti 


catalyst technology, (ii) a very low density 


polyetiiylene or ultra low density polyethylene pijocessed using either Ziegte-Natta catalysts or 

1 . I' 

Metallocene catalysts, (iii) a thexnioplastic elastomeric olefin comprising apoljpropyl^e continuous 
phase wifli an efhylene-poropyli^e-diene monomer or efixylene-propylene rubber mbbeiy phase 

dispersed through the polypropylene continuous phase, and (iv) a thennoplastic vulcanizate 

I 

! . ' 

comprising apolypropykoe contbduous phase with a i efhylene-piopylene-diene monomer, ethylene- 
propylene rubber, nitrile-butadiene rubber, natural rubber, ethylene vinyl acetate rubbery phase 
dispersed through the polypropylme continuous ijfaase^ a co-polymer of vinylidene fiucdide and 
hexafluoropropylene, or a co-polymer of vinylidene fluoride and hexafluoropropylene and 
tetrafluoroefliylene. 

i 

hi one aspect, the bind» is a M^loc^e i jatalyzed polyolefin.. 

In another aspect, the binder is a very low d^isity polyethylene or ultra low density 
polyethylene processed using eit|ier Zie|lcr-Natta catalysts or MetaUoc^e catalysts. 

In a fiirfher aspect, the binder is a tt ennoplastic elastomeric olefin comprising a 
polypropylene continuous phase with an ethylene^propyl^eHtiene monomer or ethylene-propylene 


Lyploj 


rubber lubbeiy phase dispersed through the polypEopylene continuous phase. 

In yet a further aspect, Qiebinderis a thecmbplastic vulcanizate con^ptisin^ 
contmuous phase with an ethyl^e-propylene-di^e monomer, ethylene-propylene rubber, nitnle- 
butadiene rubber, natural rubb^ or ethylene vijri acetate rubbery phase dispersed throng lie 
polypropyl^ continuous pha^i 

A method for manufacturing aniion exchaiage membrane is also provided using advanced 

■ } • 1[' 

extrusion techniques, including computer-controlled material feed, compntor-controlled automatic 
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die tfaicfcaess adjustment with independfiatly adjusi^le lip segments and nuclear gauge detection 
with feed-back control la one aspect, Ae method conqyrises the steps of. (i) extruding polymeric 
material throu^ an auto-die, having a first lip block with a plurality of segments and a second lip 
block, at least one of the first tip block segments sp fom said second lip block, the at least one 


of the first hp block segments disposed at a first 


position, (ii) measuring a first thickness of the 


jvidii 


extruded polymeric material with a sens^a, (iii) providing an input signal corresponding to the first 
thickness to a c^tral processing unit (CPU), proce ssing the input signal in said CPU by comparing 
said input signal to a se^oint coxresponding to a d Liied thickness, (iv) providing an output signal, 
and (v) moving the at least one first lip blbck segmi nt to a second position in response to said output 
signal to change die spacing between the lat least on ^ first hp block segment and the second lip block. 


A method for manufacturing an ion exchange membrane is also provide by injection 
molding. 

r 

r 

i; ■ \ 

[15 Brief Description of Drawings 


which: 


The present invention will be better underS|tood with reference to the ^>pmded drawings in 

i 

i - 

Figure 1 is an illustration bf an autordie; 

1 
I 

Fignre 2 is a schematic of a m^odljof manufacturii^ an ion exchange membrane. 
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Detailed Description 

The composite memb:ane of theprcsentinventionmay^ 

i I 

including but not limited to, polarity-bajed chemij al separations, such as eiectroddonization and 
electrcdialysis, electrolysis, fuel cdls andbatterics J )^aporation5 gas separation, dialysis separation 
and industrial electrochemistry, such! as clilox|]kali production ^d other electrochemical 
applications. 


Heterogeneous ion exchange memta 



are provided comprising typical ground ion 


exchange resin bound by a polymeric Kbdo: selected from: (i) a polyolefin, copolymaized by a 


single site catalyst technology, (ii) a low d^ity polyethylene (VLDPE) or ultra low density 

! II 

polyethjdene (ULDPE) processed usmg (either Ziegler-Natta catalyse or Metallocene catalysts, (Hi) 

I T 

a thermoplastic elastomeric olefin conjpnsing a polypropylene continuous phase with an etfaylene- 


propylaie-diene monomer (EPDM) or ethylene-pfopylave rubber (EPR) rubbery phase dispersed 


through the polypropylene continnous phase, m 


(iv) a thermoplastic vulcanizate comprising a 


polypropylene continuous phase with an EPDM EBR, nitrile-butadiae rubber (NBR), natural 

i 1 

rubber (NR), etbylene vinyl acetate (EVA) rubbery phase dispersed through the polypropylene 
continuous phase, a co-polymer of vinylidene flu 3ride and hexafluoropropyiene, or a co-polymer 
of vinylidene fluoride and hexafluoropropylene alid tetrafluoroethylene. 
Thepolyolefin canbeanethylenLalphaolek^ 


catalysts or constrained geometry catalysts suchj as INSTTE'^w Technology. The thennoplastic 
vulcanizate can be AES SANTOPRENE™ or DlSM SARUNK™, or AES TREFSIN™. 
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In one embodiment, the polyolefin is an 


crystallinity of less than 40%.. Suitable alpha-olefii co-monomers include C4 - Ci2 alpha-olefins, 

! i 

M one ^bodiment, the alpha-olefin co-znonomer ib octene. 


In ano&er embodiment, Ihepblyoiefin is an < 


aJpha-olefin co-polymer, characterized by a 


ith: 


lyl^ealpha-olefin copolymer, copolymerized 


S using single-site catalyst technology, such as a meialloccne catalyst. An example of such suit^le 

I J 

ethylene alpha-olefins are ENGAGE™ polyolefin elastomers manufectured by DuPont Dow 
Elastomers. 

hi one embodiment, the ethylene aIpha*ol^|Sn copolymer, copolymerized uskg single^site 

! 

catalyst technology, is ethylene-octene jcopolymer. Octene content ranges from 16 to 40 wt%, 

: i 1 

LO Mooncy viscosity is fiom L5 to 35, measured accoijding to ASTMD1646ML. Density is wifliin die 

!• ! 

range of from 0.860 to 0.920 g/cm^ Ini another embodiment, the density is from 0.S85 to 0.913 

•I j| 

g/cm^. The melt index is from 0-5 to 3(^ dg/min, measured according to ASTM D-1238- 

1 i 
1 [I 

hi one embodiment, the themioplastic bas^ elastomer is an alloy comprising a metallocene 

I ^1 

catalyzed polyolefin and any of polypropylene (PPjl, low dmsity polyethylme (IBPE), hi^ deosity 


polyethylene (HOPE), EDPM (cross-linkied. 


f cross-hnked, or non-cross-linked), EPR (cross- 


hnked, partially cross-linked, or non-dyss-liokedj, EVA, or other synthetic rubbers such as a co- 
polymer of vinylidene fluoride andhexaiQuoropro|ylene, or a co-polymer of vinylidene fluoride and 
hexafluoropropylene and tetrafluoroethylene. j 

In another embodiment, the thermoplastic based elastomer is analloy of VLDPE orULDPE 
20 and any of PP, LDPE, HDPE, metallooene catal|zed polyolefin, EPDM, (cross-linked, partially 
cross-linked, or non-CToss-linked), EPR (cross-liJked, pardally cros^lmkcd» or non-cross-linked) 
or EVA. 


-8 
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In another embodiment^ th^moplastic leased elastomer is an alloy of (i) a thennoplastic 
elastometic olefin comprising a polypropylene contmuous phase mHi an EPDM or EFR tubbety 

ii I 

phase dispersed through the polypropylene contmuous phase, and (ii) any of IDPE, HDPE, 

J fj 

metallocene catalyzed polyotefin, or linear low density polyethyl^e (LLDPE). 

II ii 


In another embodiment, the thermoplastic based elastomer is an alloy of (i) a thermoplastic 

! P 

vulcamzate comprising apolypropyl^oye continuoid phase with an H*DM EPR^ NBR, NR or EVA 


rubbeiypliase dispersed through die poljipropylene 


continuous phase, and(ii) any of LDPE, HDPE, 


metallocene catalyzed polyolefin, or linear low ddasity polyefliylene (LLDPE). 

■Ii ii 

Suitable ion exchange resins mclude Rohm and Haas AMBERLITE™ 1R120 and 

:!! II 

AMBERLITE™ IRA 402. OQi&c suitatrle ion exchange resins include ^raogly basic anion and 

! I 

stn)ngly basic catioaresins with water coBtent of less than 50 wt%, such as DIAION™ SA 

p i! 

rean and DIAION™ SKIB cation resin! manufectured by Mitsubishi Chemical Cfflcporation. M 

li 1 

another embodiment, the ion exchange {resins are' fhennally stable and can be used to form high 


temperature ion exchange membranes ^^ich are configured to operate at teniperatures > S(fC, An 


example of a suitable high t^pcrature anion exchange resin is DIAION™ TSA manufactured by 
Mitsubishi Chemical Corporation. 

A heterogeneous ion exchange ija«nbrand|can be manufectured using the binder polymer 
and ion exchange resins described ab Jve. Th J process includes resin drying, resin grinding, 
compounding of flie ground r^in and a bind^ po|ymer, and manbrane sheeting, 

IX resins have to be dried to lower their moisture content. Traditional ovens can be used to 


diy the resins. The heating teng>eratures are 60 to^ 120"C and the dryii^ times are 0.5 to 24 hours. 
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A filrid bed diyer caa be used continuoiisly to dry the resins. The heating temperatures of a fluid be 
dzyerare60tol20°C. 

The dried resins neai to be grdund before used in mixing (compoimding) process. A 

if 

conventional tuibo mill can be used to ^d IX resins. The particle sizes of the ground resins are 

■I' i'l 

controlled. In one embodiment, the partible sizes tite from 20tim to 104(in[L 

The water contorts of the groi||iii resins j may need to be controlled during the grinding 
process* In one embodiment, the final ground resik water content should not be more than 6 wt %. 


i 


If the water contrat of the ground resin i| too high, an extra drying treatment may be required. 

The ion exchange resin is combined with the above-desciibed binder polym^* In one 


embodiment, the wd^t ratio of the ion 


^dbange 


resin to binder polymer is from 30/70 to 70/30, 


In another embodiment, the ratio is from 5 0/50 to 6 0/40. A twin screw extruder or a mixer(kneadec) 

is used in the compounding process in ijjie presei ; invention. The compounding temperatures are 

' I [ I 

6om 80°C to 250*C, preferably from 120|*C to 220°C. The compound, comprismg an ion exchange 

•|j J- 

resin and a binder polymer^ is pelletiiaed. If a kneader is used in the compounding process, a 

';|| I 

conventional type pelletizeris required tp peDetize the compound to pellets. In one embodiment, the 

' \ ' 

wat^ content of the pellefe is 1^ than 1 ivt%. If tla 5 water content of pellets is more than 1 wt%, the 

'jj 1 

pellets need to be dried to decrease themio less than lwt% before they are employed in the extrusion 

i i 

sheeting process, ' : j 

The componnd of the ion exchan je resin ai d the bmder polymer frihricated from the previous 

to manufacture the membrane of the present inv^tion. 
iln-injectionmolding processing techniques canbe 


process is used in the sheeting process 
Extrusionmolding, mjecfionmolding; 



employed in the present invention to manufacture ion exchange membranes. 
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In cue embodiment, the precising technique is sheeting extrusion by a single screw 
extruder. The extrusion temperature is frilL 80T to 250*C, preferably jfrom 120 to 220*^0. The final 
membrane iMckness can be &om 200^in 1 000mx&« in one enibodim^ the membrane thickness 
is from 400pm to 600|iffi- 

As an alternative to fhe compouh t^ir*; and sheeting processes, a twin screw ^truder with a 
direct sheeting device can be used to i[ianu&cture tide ion exchange membrane of the present 
invention. 

The heterogeneous ion exchaA^a membrane of the present invention can also be 


manufactured with advanced extrusion 


technology including computer controlled material feed, 


computerconttolled automatic die thickness adjustment widi independently adjustable lip segments 
andnuclear gauge detection with feed-bi< idle control Alternatively, fhe heterogeneous ion exchange 
membrane of the present invention can! < ;je manufactured nsmg icgection molding, 

Refeiiing to Figures 1 and2, in oiie^bodiment, the ion exchange membraneofthepresent 
invention is manufectoied by advanc^ jsheet «trusion technology to manufecture ion exchange 
membranes. The inventive process involvies the use of veiy accurate nuclear gauge measuring 
instruments feeding back to a control c raput^ that automatically adjusts an "auto-die" 10 (see 
Figure 1). This auto-die has a first lipiblock 12 and a second Up block 14. The second lip block 14 

, ' ! 
; I ! 

is split into maiQr individually adjusfiafcle segments or zones 16 for precise ^ge oonnoL Oth^ 

', i 1 

extruder parameters and gear pump pairameters can also be automatically adjusted 

; i 

Membrane ingredients^ includiii g the polymeric bind^ and the ion exchange resin, are fed 

i . i 

by an extruder 8 into fhe auto-die 10' through gate slot 18 in the direction indicated by airow 11, 
After exiting the autodie 10, the extrmed material is fed trough calendaring rolls 26a, 26b for 
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flattemng and solidi^fing the extruded skjeet and smoothing its surfece. Thickness of the extruded 


fiiO 


Hl5 


and calendared material is measured by ajnuclear gauge sensor 24, At this time, the first lip block 

•I 

i i 

12 is at a first position. The sensorprovidi^ an electrical ix^ut signal corresponding to the Sickness 

'! 

of the extruded and calendared materia to a central processing unit (CPU) 22, The CPU 22 
compares the iz^nt signal with a set point corresponding to a desired thickness of ihe extruded and 
cai^dared material. Ute CPU 22 thai ijrovid^ an output signal to one or more of the zones 16 of 
the second lip block 14 of the auto-diejlO. In re^onse to this output signal, the zones 16 are 
actuated and move relative to ihe first hp block 12 jSfom a first position to a second posi^on in the 
direction indicated by aixows 20, the^by kdjustmg the spacingbetween the zone or zones 1 6 and the 

; ' 

|l 

first lip block 12 and achieving the desired spacmg . 

A second embodiment of the iiivention involves the inj«Jtion molding of ion exchange 

li 

membranes. This reduces the production cost and fiirther ensure dimensional consistency and 

1 1 

adequatephase dispersion. hyectionm(ilding eases theprocessingofbmeficial bin 

may not be ideally suited to extrusion mth a filler material such as ion exchange resin particles. 


Example 
ENGAGE 8403^ was used as a 


binder ppljmer. The octene content in the ethylene-octene 


copolymer was I6wt%, ENGAGE 8403™was dharacterizedby1hefonovringi%sical properties: 


density was 0.913g^om3, the melt index 


was 30dg/min, the sur&ce hardness (Shore A) was 96, the 


20 ultimate t^le strength was 123Mpa5; and the DSC melting peak temperature v/ss lOT^'C. 

i! 

A strongly acidic cation cxdiange resin, DIAION SK-IB mamifactured by MitsnbisM 

I t 
Chemical Corporation, was used. The' resin was dried by a fluid bed diyer at lOS^'C. The water 


12. 


content of the dried resin was 3wtii. This jiriedresm was ground to the powdery lesin. The particles 
with panicle sizes of from 104 to ISOpun were 0,8wS%, the particle with particle sizes from 45 to 
104jim were 62wt%, and particles wifhl particle sizes smaller Aan 45jmi were 37.2wt%, This 
powdery resin was mixed with ENGA<3E8403™byatwin screw extmderi^ 

The extrusion temtperatuie along the barrel varied fiom 165^C proximate the fe^ to 197^C at the 

' ! 

die. The ^tradite was pelletized to form 2nm diameterpeUets. TTie water content of tJie pellrts was 
measured to be 0-5wt%. The pellets were us^ directly in the extrusion sheeting process. A single 

! 

screw extruder was used for the extrusion sheetingprocess* The extrusion ten^erature varied along 
the barrel from ISO^'C proximate the feed tol32*;C at ttie die. Tie final m^brane thickness was 
SOQtlO^m. 

The final membrane was ci^tioned in 0:SN sodiiun chloride aqueous solution at 40^C for 

i 

1 days. The electrical resistance of the condition^ membrane w^ measmed at an alternate current 
of l,OOOHz in a O.SN sodium chloride aqizeous solution. The resistance was 4S7Q.cm. The transport 
number of the conditioned mraibrane w^ also measured between 0.5N and LON sodium chloride 
aqueous solutions. The transport number was 0*872, The meciianioal properties were tested by an 
Mstron 4467 Universal Toting System- The toiisile strei^ at yield was 2.5 MPa and the percent 
elongation was 13 8%. 

It will be understood; of coursej 


that modification can be made in the embodunents of the 
invention describedhereiii without departing from the scope and purview of the invention as defined 
by the appended claims. i I 


